Background: The aim of this study was to determine whether clinical outcome of patients with methicillin-resistant Staphylococcus aureus (MRSA) bacteraemia was correlated with vancomycin susceptibility of the corresponding strains.
Introduction
Vancomycin has been the agent of choice for methicillinresistant Staphylococcus aureus (MRSA) infections as it provided efficacious and promising therapy [1] . Nevertheless, with the emergence of S. aureus strains having intermediate resistance towards vancomycin (vancomycin-intermediate S. aureus [VISA] ), treatment options for patients infected with these strains have become limited [2] . Hetero-VISA strains are also being reported more frequently worldwide [3] . These strains are interpreted as 'susceptible' to vancomycin using conventional MIC determination tests, but contain a sub-population of cells which can grow in the presence of > 2 mg/L vancomycin [3] . Clinical significance of hetero-VISA is still controversial [1, 2] . Therefore, it is important to elucidate whether vancomycin susceptibility of clinical MRSA strains is correlated with the corresponding patients' clinical outcome. We report here the results of a retrospective study that was carried out to investigate the existence of the above correlation.
Methods

Setting
A retrospective study on MRSA bloodstream infections at Juntendo University Hospital, Tokyo, Japan, between January 1998 and October 2005 was carried out. The inclusion criterion of the study was defined as febrile patients (body temperature > 37°C) with at least one MRSA positive blood culture, and had been treated with a monotherapy of vancomycin for at least 5 days. In addition, serum vancomycin trough levels should have been maintained above 10 mg/L [4] . Patients who had catheter-associated MRSA bloodstream infections (CABSI) were also included in the study; however, they were excluded if their CABSI is a catheter related bloodstream infection (CRBSI), since CRBSIs are usually self-limiting, and recovery could be achieved with the removal of contaminated catheters without antibiotic treatment. The diagnosis for CABSI and CRBSI was done using the Center for Disease Control (CDC) definition of catheter-related infections for National Nosocomial Infection Surveillance (NNIS) [5] .
Medical record review and definitions
Medical records of patients eligible for this study were reviewed to retrieve information such as demographic factors (age and gender) and their medical history. The patients' underlying conditions were then evaluated according to the American Society of Anesthesiologists (ASA) scoring system [6] . Besides this, each case's initial therapeutic response parameters towards vancomycin were recorded. The parameters used in this study were 'days till afebrile', 'days till CRP value Ϲ 30% of maximum' and 'days till WBC < 10,000'. A parameter of 'days till afebrile' was defined as the number of days required for the patient's defervescence (body temperature becoming less than 37°C) after commencement of vancomycin therapy, while 'days till CRP Ϲ 30% of maximum' refers to the number of days required for the reduction of patient's CRP level to less than 30% of the maximum value during active infection, after vancomycin was administered. The number of days required for patients' white blood cell count to return to the normal range of 10,000 cells/mm 3 after initiation of vancomycin therapy was defined as 'days till WBC < 10,000'. If the patient had died during treatment, the above parameters would then refer to the number of days from the day of vancomycin commencement till death for each parameter. The duration of MRSA blood culture positivity during vancomycin therapy was also noted for each patient, as well as the patient's survival at one month after the onset of MRSA bloodstream infection. Patient's response to vancomycin therapy was defined as either 'good' or 'poor' [7] . 'Good' represents cases where patients were cured, with elimination of clinical symptoms and laboratory evidence of infection; patients who were apparently cured but died due to other causes were also included in this category. 'Poor' is defined for cases with persistence or worsening of symptoms and also cases where the patient died due to the bloodstream infection itself.
Laboratory investigations 2.3.1 Bacterial strains
All MRSA blood stream isolates used in this study were recovered from hospitalized patients in Juntendo University Hospital between January 1998 and October 2005. Only the initial isolate for each patient was used for laboratory investigations. Reference hetero-VISA strain Mu3 and VISA strain Mu50 were isolated in January and September 1996, respectively, at the same hospital [3, 8] . Vancomycin-susceptible MRSA strain N315 was isolated in 1982 from the pharyngeal smear of a Japanese patient [3] . Identification of S. aureus was confirmed by Gram's stain, catalase test and slide latex agglutination test (STAPHYLO LA "SEIKEN", Denka Seiken Co., Ltd., Japan) [9] . Strains were stocked from time of isolation in Mueller-Hinton broth with 40% glycerol at -70°C.
Antibiotic susceptibility testing
Vancomycin minimum inhibitory concentrations (MIC) for all isolates were determined using the agar dilution method in accordance with the Clinical and Laboratory Standards Institute (CLSI) recommendations [10] . Analysis of vancomycin-resistant subpopulation (population analysis) for all strains was carried out as described previously [3] . Log graphs of viable count versus vancomycin concentrations were plotted and area under curve (AUC) was then calculated [11] .
Statistical analysis
Independent t-tests were used to compare the means of AUC between patients showing 'good' or 'poor' vancomycin response. Pearson's correlation tests were use to determine the correlation between MRSA vancomycin susceptibilities and corresponding patients' initial therapeutic response parameters of 'days till afebrile' and 'days till CRP Ϲ 30% of maximum'. All statistical analyses were performed using SPSS 11.5J for Windows (LEAD Technologies, INC.).
Results and discussion
This study was performed to investigate the relationship between vancomycin susceptibility of MRSA and the corresponding patients' clinical outcome. The true clinical relevance of hetero-resistance or intermediate resistance to vancomycin in S. aureus may be obscured because of uncertainty of the patients' clinical conditions. Many published case reports did not provide sufficient details to assess the role of the infection itself, nor of the antibiotic treatment in the clinical course of individual patients. Our study was designed to include only clinically significant cases of MRSA bloodstream infection that received vancomycin monotherapy, and to determine whether vancomycin susceptibility of the causative MRSA correlated with the clinical efficacy of vancomycin in the treatment of these infections. To achieve this, a strict inclusion and exclusion criteria for selection of clinical cases was employed throughout the study (see methods). Based on the study's inclusion and exclusion criteria, a total of 20 patients, with a mean age of 54.5 years comprising 12 men and 8 women, were eligible for this study. The patients' clinical history is summarized in Table 1 . While these patients had various underlying diseases, they could be mainly categorized into cancer, circulatory system disorder or diabetic patients. Patients were hospitalized for a mean duration of 135.9 ± 109.03 days, while mean duration of vancomycin treatment was 13.8 ± 5.58 days, respectively. Four patients were MRSA nasal carriers when they were admitted. Eighteen patients had insertion of Vancomycin treatment failures are not uncommon with MRSA infections despite the organism being fully susceptible (vancomycin MIC Ϲ 2 mg/L) according to standard clinical laboratory testing methods [12] . Even though the clinical course of patients in this study were not entirely similar, all their initial MRSA strains had vancomycin MICs of 1-2 mg/L, which were in the 'susceptible' range. This implies the possibility, though small, that different vancomycin susceptibility levels within the 'susceptible' range may result in dissimilar clinical outcome. To discriminate in more detail the vancomycin susceptibility of these strains, we employed population analysis (PA) methods, which can provide vancomycin susceptible profile for individual cell [3] . The area under curve (AUC) for each strain's population analysis profile was calculated and presented in Table 2 , along with the clinical course of each strain's corresponding patient. The AUC represents the strains' resistance level to vancomycin [11] . We found that mean AUC of strains from patients who showed 'good' vancomycin response was 10.81 ± 1.66, and those from patients who showed 'poor' vancomycin response was 16.09 ± 5.09, showing significant difference in the vancomycin susceptibility between these two patient groups' MRSA (p < 0.01). Two strains, 02-6 and 03-10 from patient no.4 and patient no.9, respectively, had high AUC values and were judged as hetero-VISA from their PA profiles [3, 11] . These patients had 'poor' vancomycin treatment response and died as a result of the bloodstream infection (Table 2 ). Figure 1 shows PA profiles of representative strains with control strains Mu3, Mu50 and N315. This finding further emphasizes the impact of reduced MRSA vancomycin susceptibilities towards patients' clinical course in bloodstream infections.
To further understand the effect of MRSA vancomycin susceptibility on the corresponding patient's clinical course, we evaluated the initial therapeutic response of each patient's infection towards vancomycin. For this evaluation, 3 parameters were used, namely 'days till afebrile', 'days till CRP Ϲ 30% of maximum' and 'days till WBC < 10,000' (see methods). While the parameters of afebrile and white blood cell count are more established, the parameter of 'days till CRP Ϲ 30% of maximum' is commonly used in Japan to assess the efficacy of antimicrobials towards infection [13] . Correlation tests were performed to investigate if there was any correlation between vancomycin susceptibility of the initial MRSA strains (AUC) of every patient with each of the above parameters. Results showed a significant positive linear correlation between AUC and the corresponding patients' initial therapeutic response parameters of 'days till afebrile' (r = 0.828, P < 0.01), and 'days till CRP Ϲ 30% of maximum' (r = 0.627, P < 0.01). The less susceptible the MRSA strain was to vancomycin, the longer it took for the patient to become afebrile and for his/her CRP value to return to normal (Table 2 ). This supports Charles et al.'s results where patients infected by hetero-VISA took a longer time to defervescence [14] , and also indicates that various levels of vancomycin susceptibility in MRSA strains play a critical role as a determinant in patients' clinical outcome in bloodstream infections. Therefore, it is desirable to identify such infected cases and to initiate optimal treatment for these infections early in the clinical course; good communication between the clinician and clinical laboratory is essential for this purpose. In addition, improvement in clinical outcome may be achieved if early consideration is given to patients who show a slow initial therapeutic response that could signify the involvement of MRSA strains with reduced susceptibility to vancomycin. Nevertheless, the initial therapeutic response parameter of 'days till WBC <10,000' could not be used as a determinant of patient's clinical course in our study. This is due to the reason that most of the patients enrolled in our study were either leukopenic or had leukocytosis even before the initiation of vancomycin, and therefore no conclusive data could be derived from this parameter.
In contrast to another report [14] , the number of MRSA positive blood cultures could not be used as a parameter to assess the impact of MRSA vancomycin susceptibility on patients' clinical outcome in our study. Blood culture is not a routine test in Juntendo University Hospital, therefore there were no continuity of blood culture results for certain patients. In addition, we observed that MRSA blood culture positivity was not definitive of a patient's infection status. This could be seen in the case of patient no.15, as even though he had a MRSA negative blood culture after 4 days of vancomycin therapy, this patient's bloodstream infection worsened and VISA was isolated from his blood 3 weeks later, as opposed to the case of patient no. 13 where this patient had a relatively fast recovery from infection even though it took 18 days for his blood culture to be MRSA negative. Patient survival rate at one month was also not conclusive to predict the relationship between reduced MRSA vancomycin susceptibility and patient outcome in our study. This is because even though some mortalities in our study were due to MRSA bloodstream infection, there were also patients (9) . b) AUC (area under curve), measurements of polulation analysis profiles for vancomycin. Log of viable colonies were ploted against vancomycin concentration. AUC represents area covered by curve and graph axis. c) DTA (days till afebrile), represents number of days required for the patient's defervesence (body temperature less than 37°C) after commencement of vancomycin therapy. d) DTCRP (days till CRP Ϲ 30% of maximum), refers to the number of days required for the reduction of patient's CRP level to less than 30% of the maximum value during active infection, after vancomycin was administered. e) DTWBC (days till white blood cell < 10,000), refers to the number of days needed for patients' white blood cell level to return to the normal range of ~10,000 cell/mm 3 . f) DBCP refers to duration of MRSA blood culture positivity during vancomycin therapy. g) VTR (vancomycin treatment response), was defined as either 'good' or 'poor'. 'Good' repersents complete cure or elimination of clinical symptoms and elimination of laboratory evidence of infection, while 'poor' stands for persistence or worsening of symptoms or death due to MRSA bloodstream infection.
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